Abstract. The ground state properties of the Shastry-Sutherland model in the presence of an external field are investigated by means of variational states built up from unpaired spins (monomers) and singlet pairs of spins (dimers). The minimum of the energy is characterized by specific monomer-dimer configurations, which visualize the magnetic order in the sectors with fixed magnetization M = S/N. A change in the magnetic order is observed if the frustrating coupling α exceeds a critical value αc(M ), which depends on M . Special attention is paid to the ground state configurations at M = 1/4, 1/6, 1/8. PACS. 75.10.-b General theory and models of magnetic ordering -75.10.Jm Quantized spin models
Introduction
The Shastry-Sutherland model is known to be an eigenstate of the Hamiltonian (1.1), which turns out to be the ground state, if the coupling α exceeds a critical value α c (α c ≈ 1.4) [2] . The phase diagram has been studied recently by Weihong et al. [3] by means of series expansions.
(2) The Hamiltonian (1.1) is suggested to be an appropriate model for the compound SrCu 2 (BO 3 ) 2 the magnetic properties of which have been investigated in recent high magnetic field experiments [4] [5] [6] . Plateaus have been found in the magnetization curve M = M (B) at rational values of the magnetization M/M S = 1/3, 1/4, 1/8, where M S = 1/2 is the saturating magnetization.
From the theoretical point of view the appearance of magnetization plateaus is well understood in quasi onedimensional systems, e.g. with ladder geometry [7] . Here, a e-mail: fledderj@theorie.physik.uni-wuppertal.de a quantization rule has been formulated by Oshikawa et al. [8] , which originates from the prediction of soft modes [9] based on the Lieb-Schultz-Mattis (LSM) theorem [10] . Only the position of the possible plateaus -i.e. the quantized value of the magnetization -are predicted by this rule. The upper and lower critical fields which define the width of the plateau, however, depend on the magnitude of transition matrix elements with a momentum transfer corresponding to the relevant soft mode. These matrix elements contribute to the dynamical and static structure factors and a strong peak in these quantities at the soft mode momenta is needed for a pronounced plateau in the magnetization curve [9] .
The extension of the Lieb Schultz Mattis construction to higher dimensions (D > 1) meets difficulties. As was pointed out by Oshikawa [11] magnetization plateaus are possible in higher dimensions as well, provided that the "commensurability condition" is satisfied. Based on a
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The emergence of magnetization plateaus in a modified Shastry-Sutherland model has been discussed in reference [12] . Recently, Misguich, Jolicoeur, and Girvin studied the emergence of magnetization plateaus in the framework of a Chern-Simons theory [13] .
In reference [4] Kageyama et al. proposed that product wave functions of the type (1.2) with certain distributions of N S singlets (1.3) and N T triplets
( 1.4) might yield an appropriate ansatz for the ground state in the sector with total spin
where N T and N S are constrained by the total number of sites
Typical examples of these states are shown in Figures 2b, 3b, 4c and 4d. An effective Hamiltonian, describing the interaction between singlets and triplets, has been developed and evaluated in references [14, 15] . In this paper, we investigate a wider class of product wave functions -which we call monomer-dimer configurations [16] -and which are aimed to describe the magnetic order at those magnetizations (M = 1/4, 1/6, 1/8, 1/16), where plateaus are expected. Indeed we find a change in the magnetic order if the frustration parameter exceeds a critical value α c (M ), which depends on the magnetization M . For α > α c (M ) we recover the singlet-triplet configurations proposed in reference [4]. For α < α c (M ), however, we find new configurations with lower energy.
The outline of the paper is as follows: In Section 2 we define the monomer-dimer configurations. In Section 3 we minimize the expectation value of the Hamiltonian (1.1) between monomer-dimer configurations. This procedure singles out specific configurations, which visualize the magnetic order at fixed magnetization M . In Section 4 we introduce the "frozen monomer approximation", which allows to lower the energy expectation values between monomer-dimer configurations without changing the magnetic order, i.e. the distribution of "frozen" monomers.
The quality of the frozen monomer approximation is studied for M = 1/8, 1/6, 1/4 in Section 5 by a comparison with the ground state energies obtained from exact diagonalizations on finite clusters.
We also look for the formation of magnetization plateaus. Possible interpretations of the observed plateaus in SrCu 2 (BO 3 ) 2 are discussed in Section 6.
Monomer-dimer configurations
The Shastry-Sutherland Hamiltonian (1.1) conserves the total spin 
which we call "monomers" -singlets of paired spins [x, y] (1.3) at sites x, y ("dimers"):
Note, that in the monomer-dimer configuration K each site x is occupied exactly once: either by a monomer or a dimer. Moreover, monomer-dimer configurations |K, ν yield an overcomplete non-orthogonal set of eigenstates with total spin S.
The expectation value of the Hamiltonian (1.1) between monomer-dimer configurations can be easily calculated with the following rules: 
